ABSTRACT
Introduction
One of the main worries when massive strategies of immunization are carried out with vaccines containing live attenuated viruses is the possibility of administering them without knowing a woman is pregnant, which would counter-indicate its application. Considering the theoretical risk of producing congenital defects attributable to the administration of immunogens constitutes the main argument to take into account such recommendation [1, 2] .
One of the components of the measles-rubella (MR) vaccine is the RA 27/3 strain live attenuated rubella virus; the vaccine is considered to be secure, effective and relatively cheap [3] . Each dose of the vaccine is calculated to contain at least 1.000 TCID50 (tissue culture infectious dose). It induces the production of IgM and IgG humoral antibodies, as well as IgA secretory antibodies in the nasopharynx. The infection with the rubella vaccine virus has been detected by means of an IgM (+) serological study, approximately 12 days after the administration of the vaccine or by means of the isolation of the vaccine virus in the case of pregnant women reported to the Centers for Disease Control and Prevention (CDC). None of the newborns displayed clinical manifestations compatible with the congenital rubella syndrome (CRS) [3] [4] [5] [6] .
In Mexico during 2008, following the Pan American Health Organization's (PAHO) recommendations, a national strategy was implemented to eradicate the CRS through the application of more than 22 million doses of the MR vaccine to men and women between 19 and 29 years of age. It was feasible to anticipate that some pregnant women would inadvertently receive the vaccine, due to the unawareness of their state during its early stages. This is why the follow-up of these women and their newborns was carried out intentionally in order to describe the perinatal and serological outcomes post-immunization.
Methods
A descriptive study of epidemiological surveillance was carried out following up on pregnant women who were inadvertently immunized with the MR vaccine and afterwards on their newborns. Clinical data of CRS or serological evidence of infection were pursued.
The primary study by means of which immunized pregnant women were identified was carried out through the documented reports at the different vaccination facilities they attended once the pregnancy was evident. The follow-up began by looking for human chorionic gonadotropin in urine or its beta fraction in blood once the pregnancy was medically confirmed. Ultrasonographic evidence was also taken into account. The reports were codified according to the type of the applied vaccine, the allotment number, the application date and the clinical follow-up. The follow-up and the evaluation of cases were performed according to PAHO's recommendations [7] .
Operative Definitions [7-9]
(a) Inadvertent immunization during pregnancy: Administration of the MR vaccine during the first trimester of pregnancy, according to the date of the last menstruation, or 1-2 weeks previous to or 4-6 weeks after conception. 
Specific Procedures of the Study
After identifying the inadvertently immunized pregnant women, the case study form was filled out; it included the following variables: age, number of pregnancies, gestational age at the time of the immunization ( Table 1) , date when the sample was taken, number of days lapsed between the immunization and the serology test (ELISA) to assess the mother's immunological state, determining Table 2) . Pregnant women classified as non-responding were monitored and assessed until the end of their pregnancy. Women considered as immune were not followed up, since it was considered that they and their fetuses were at no risk of infection neither by the wild virus nor by the vaccine virus given the presence of IgG antibodies. Determination of antibodies in serum samples from the umbilical cord of all the children of susceptible mothers was carried out at birth. Later on, they were assessed by subspecialists in order to detect clinical manifestations suggestive of CRS. The case study was performed and it included the following variables: gestational age, Apgar score, sex, weight at birth, cephalic perimeter, complications during delivery.
Serology for rubella was carried out at the of the Health Ministry's Diagnosis and Epidemiological Reference Institute (Instituto de Diagnóstico y Referencia Epidemiológicos -InDRE).
The statistical analysis was carried out by means of descriptive statistics, determining frequencies, means and application rates.
Results

Maternal Demographic and Serological Characteristics
From the estimated 22 million doses of the MR vaccine applied during the campaign to Mexican population of both sexes between 19 and 29 years of age, a total of 1,924 pregnant women were inadvertently immunized (8.7 cases per 100,000 applied doses). One hundred and seventy five (9.1%) of them were identified as non responding to the infection at the time of immunization, while 1,749 (90.9%) were classified as immune. None of the pregnant women, in either group, developed clinical symptoms of rubella during their pregnancy.
Characteristics of the Newborns
Out of 175 pregnancies considered non-responding to infection, 174 produced live-born infants; one pregnancy was voluntarily terminated. Nine (5.1%) pregnancies were considered pre-term, 163 (93.6%) were full-term, and 3 (1.7%) were post-term. The nine pre-term patients had to be hospitalized due to this condition. None of the newborns displayed congenital malformations and their serology was similar to the mother's in all cases. No positive IgM results were reported in any of them. Audiometric and visual tests showed no alterations.
Discussion
The findings in this study are in conformity with the results of follow-up studies carried out with pregnant women inadvertently immunized with the rubella vaccine RA 27/3 strain in countries such as the United States, Canada, the United Kingdom, Germany and Iran. These studies did not detect cases of CRS, thus supporting the evidence of the absence of fetal risk [3] [4] [5] , [10] [11] [12] . Theoretically, arguments consider that infection risk for the product of pregnant women inadvertently immunized is less than 1%, in comparison with the 60% established for the primo infection with the wild rubella virus in its systemic manifestation [12] [13] [14] .
Arguments for the vaccine virus's diminished capacity to hurt the fetus have been based on a biological point of view [10] [11] [12] [13] [14] :
1) The vaccine virus requires several weeks to go through the placenta and it finds it difficult to grow in cell cultures enriched with amniotic fluid. This gives the pregnant woman enough time to give rise to an appropriate inflammatory response before the virus is able to makes its way through the placenta.
2) There is no replication of the vaccine virus in the respiratory system; therefore a minimum or practically null phase of viremia is established. This implies that the virus is not able to reach the different tissues, the placenta included.
3) It has been argued that the reactivation and dissemination of the rubella vaccine virus is accomplished by direct cell-to-cell contact, through the fusion of the virus with the membranes of the adjacent cells. Even so, viremia is a more important condition in the case of placental infection, which would be followed by fetal infection. 4) Finally, the basic molecular mechanism responsible for the success of vaccines must be taken into account: The individual receives a dead or attenuated pathogen and establishes a primary response, free of the expression of virulence and of the pathological conditions that would enable the agent to hurt the tissues. When the infection occurs, the memory cells react rapidly eliminating the aggressive agent [9] [10] [11] [12] [13] [14] .
In the face of the benign evolution of the pregnancies complicated with the inadvertent immunization with rubella, we do not consider a therapeutic intervention to be necessary at any point during the pregnancy, and much less should the interruption of the gestation be contemplated. Even though no real risk of CRS associated to vaccine against rubella has been documented, the recommendation not to immunize pregnant women has been established to avoid associating the vaccine to complications that may eventually take place during the pregnancy, including the possibility of a miscarriage or of the newborn exhibiting alterations not related to the vaccine [15] . Majority inadvertent immunizations were made before 11 weeks of gestational age, at the time of organogenesis; however, structural organic alterations were not present.
On the other hand, from a public health approach, the goal of massive immunization for the prevention of con genital rubella in Mexico is to have an impact on the disease considering that the benefit of such strategy is much higher than the risk of the procedure. In the case of women in their reproductive stage, the benefit is clear because if they were not to be immunized, then they would be at risk of getting infected by the wild virus and, hence, there would be a 60% chance of their children having CRS.
The rate of non responding pregnant women in this study corresponded to 9.1% of all the women inadvertently immunized and this represents a number of lost opportunities that similar campaigns worldwide want to have an impact on. This rate corresponds to the figures reported in seroepidemiological surveys in Mexico and they constitute the rationale for the immunization for all women in reproductive age during adolescence: Protecting 9.1% of women of reproductive age against the infection means that one susceptible woman out of every nine women of reproductive age will be protected. Financially, this seems more feasible than performing a serological test on every woman of reproductive age to identify those who are susceptible and would benefit from the vaccine. What has been demonstrated up to date is that the benefit is greater than the risk [16, 17, 18] .
We should continue encouraging the public immunization of all adolescent women in the country at 12 years of age, before their first pregnancy, and then carry out serological measurements that will enable us to determine if the duration of the immunity will protect them and their children during their reproductive years. Adult women between 19 and 39 years of age that did not receive the recommended doses of the MR vaccine during adolescence should be encouraged to do it before thinking about getting pregnant. On the other hand and according to the results, the risk of infection and complications for the mother or the child due to an inadvertent immunization is practically null, so terminating the pregnancy is not justified. Even so, due to the theoretical risk of infection of the fetus, MR immunization should still be avoided during pregnancy.
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